Introduction {#S1}
============

Facial expressions are the primary channel used by humans to express social intent. Among the various human facial expressions, smiles are the most common and frequent. Smiles are often expressed during social interactions, representing a powerful signal of affiliative behavior, cooperation, and social bonding ([@B40]; [@B2]; [@B32]). Smiling individuals are perceived as happier ([@B34]), more attractive, communal, competent ([@B33]; [@B22]), likable ([@B35]), approachable, friendly, and honest ([@B6]). A smile from another promises a safe and satisfying interaction ([@B27]). That is why people tend to produce smiles frequently and voluntarily. Smiles, however, can easily be faked ([@B29]). Consequently, the perceiver has a vested interested in examining their spontaneity.

However, the ability to accurately distinguish between genuine and posed smiles is far from common. Some studies have reported that generally the level of accuracy is around 55% ([@B15]; [@B17]); others have argued that it is closer to 70% ([@B5]; [@B31]), with large individual differences. Moreover, when participants are asked to identify whether two types of smiles are the same, the "same group" tends to be much larger than the "different group" ([@B36]). The present research studied the differences between genuine and posed smiles and trained people to improve their recognition of smile spontaneity.

[@B11]; [@B14], and [@B15] drew distinctions and specified major differences between felt emotional smiles (i.e., genuine expressions) and false smiles deliberately shown to simulate enjoyment (i.e., posed expressions). One of the most replicated and best-documented criteria for this differentiation ([@B14]) is the Duchenne smile, which consists of AU6 and AU12 (displaying as pull-up lip corners) and can be used as an indicator for distinguishing genuine from posed smiles. According to the Facial Action Coding System ([@B10]), which delineates dozens of relatively independent action units (AUs) based on the anatomical characteristics of human facial muscles, AU6 indicates the contraction of the orbicularis oculi, which is usually expressed as crow's feet; AU12 indicates a contraction of the zygomaticus major, which is manifested by the extension of the mouth to the sides and upward. Only when the two AUs appear at the same time (AU6 and AU12) is the smile considered genuine ([@B8]; [@B26]). Most previous research has focused on this morphological smile marker and its purported link to positive emotions (see [@B25]). According to [@B14], most people can control AU12 autonomously, while only a few (i.e., 20%) can autonomously control AU6. A meta-analysis confirmed this conclusion that people producing Duchenne smiles are rated more positively than those displaying non-Duchenne smiles ([@B20]).

Yet there is a significant controversy regarding whether AU6 can be used as a criterion for distinguishing between genuine and posed smiles, because some people can display Duchenne smiles on their own or when in an unpleasant mood. [@B26] compared smiles under genuine and enacted conditions, finding that 70% of smiles in genuine conditions were Duchenne smiles, while 83% of smiles in deliberate conditions were Duchenne smiles. Other studies have also found that Duchenne smiles were frequently found in posed conditions: 56% ([@B1]), 60% ([@B16]), 67% ([@B37]), and 71% ([@B19]). Moreover, this type of smile also appears when watching negative emotional videos ([@B9]) and when failing in a game context ([@B38]). Some scholars have argued that AU6 may mainly reflect a higher emotional intensity, but not serve as a means of distinguishing a smile's spontaneity, because many strong negative expressions also include AU6, such as sadness and pain ([@B3]). [@B26] compared the strengths of Duchenne and non-Duchenne smiles, finding that Duchenne smiles' intensity rating (from "1" meaning weak to "5" indicating very strong) was 3.11, and non-Duchenne smiles was 0.97; the difference was significant. Such difference was also observed by [@B19] that Duchenne smiles are typically more intense than non-Duchenne smiles. These findings suggest that Duchenne smiles may only be smiles of a greater intensity, but cannot be equated to spontaneity. Some research pre-defines the Duchenne smile (i.e., a smile with AU6) as genuine and therefore suffers from cycle verification. Thus, we cannot simply rely on AU6 to distinguish between genuine and posed smiles and instead should be cautious when selecting the stimuli used when studying genuine/posed smile recognition.

Moreover, most previous research used static images as stimuli in genuine smile recognition tests, and others used video episodes, taking dynamic information such as duration into consideration. [@B11] found that the onset time in false smiles would usually be too short, giving an abrupt appearance to the smile. [@B41] found that participants who were hypnotized to experience pleasure in reaction to a corresponding emotion cue showed smiles with longer and smoother onset actions as compared to when they were simulating pleasure. [@B23] showed for posed expressions (intentionally employed positive expressions to mask disgust) shorter onset and offset times than for emotion-elicited expressions of felt joy. However, simply considering the onset duration may not help to distinguish whether a smile is genuine ([@B24]). [@B26] found that the longer the apex duration of a smile, the more likely it is to be judged as genuine. Other research has suggested that a mouth movement might provide important cues for distinguishing genuine and posed smiles. [@B21] found that the movement duration of the lips was very helpful in identifying genuine and posed smiles. Genuine smiles had an obviously longer duration than did posed smiles in terms of onset (1.16 s vs. 0.63 s), apex (2.60 s vs. 1.66 s), and offset (1.23 s vs. 0.79 s) durations, with a total duration of 5.00 s for genuine and 3.09 s for posed smiles. The dynamic nature of the smile, including the mouth movement, served as a useful indicator when distinguishing between posed and genuine smiles. If the dynamic features alone can be a good indicator, it is possible that simply focusing on mouth movement may lead to a good performance.

Another issue is the cognitive mechanisms that operate when determining smile genuineness. Some scholars have suggested that low performance in this area can be explained by perceptual-attentional mechanisms indicating that perceivers are unable to perceptually detect the cues responsible for genuine smile recognition ([@B17]; [@B5]) or simply do not allocate attention to these cues ([@B36]). Perceptual-attentional mechanisms are a reasonable explanation for poor performance. After all, the cues for distinguishing genuine and posed facial expressions are sometimes very subtle ([@B13], [@B12]; [@B26]). Only those talented in detecting subtle cues can perceive them, called "true wizards" by Ekman ([@B18]), though the term "true wizard" was criticized by [@B4]. [@B42] investigated the cognitive strategies operating during smile genuineness recognition, focusing on eye fixation. These researchers found that participants paid more attention (i.e., at a higher frequency and for a longer duration) to AU6 when judging facial expressions (i.e., happiness, sadness, and neutral) as happy. [@B5] found that adults with autism paid less attention (i.e., at a lower frequency and shorter duration) to the eye region, suggesting that it was a lack of attention to AU6 that contributed to misjudgment with regard to smile genuineness. These studies underscore the importance of allocating attention to AU6 when seeking to improve smile recognition. When considering the cultural factors, things become more complex. According to previous research, Chinese and Japanese evaluate the role of the mouth and eyes differently from Westerners. Individuals in collectivistic Eastern society heavily rely on information from the eyes to identify and interpret the meaning of smiles ([@B28]). One study found that when asking Chinese speakers to judge the Duchenne and non-Duchenne smiles as either real or fake, those who voluntarily stated the eyes to be the most useful source of information are more accurate (71.11 ± 12.31%) than those who preferred the mouth (62.89 ± 11.34%), *p* \< 0.05. More interestingly, the accuracy of participants preferring the eyes is negatively correlated with individualism scores but positively correlated with collectivism scores, indicating that individuals in a collectivist society heavily rely on information from the eyes to identify and interpret others' facial expressions and social intentions ([@B30]). Based on these studies, it seems that paying attention to and perceptually recognizing the responsible cue is the key in genuine smile recognition. The mouth movement, which has better recognizable feature (clearer contour) than the eye regions, may be a more reliable indicator.

Previous research has shown that people perform poorly with regard to recognizing genuine smiles and that the Duchenne marker is not always a useful cue. Rather, dynamic features might be better for distinguishing between genuine and posed smiles. The lips, with their clear morphological features, are easily recognized in dynamic mode and thus may be a good indicator for recognizing smile genuineness. We would like to test the perceptual-attentional hypothesis by training (instructing) the participants to pay more attention to either the eye region or the mouth movement. Even though observers paid the same amount of attention to a certain region, they have different perceptual difficulties to detect the responsible indicators because mouth movement is more salient than contraction of eye regions. Regarding the stimuli used in the present study, the genuine smiles were genuine in nature (i.e., accompanied by the emotion of happiness or amusement), rather than selected by whether there was an AU6 (as some previous research has done). Therefore, we hypothesized that training people to pay attention to mouth movement and Duchenne mark would enhance their performance in genuine smile recognition, but the mouth movement condition should be even better.

Methods {#S2}
=======

Participants {#S2.SS1}
------------

A power analysis with G^∗^Power 3.1.9.2^[1](#footnote1){ref-type="fn"}^. indicated *N* = 62 to detect an effect size 0.25 with repeated-measures ANOVA and within-between interaction, with a probability of 1--β = 0.9, α = 0.05. Assuming the possible invalid data or missing data in experiments, we recruited 68 participants ranging in age from 18 to 27 years (*M* = 19.78) took part individually in the experiment. All were students from Wenzhou University and were compensated for their participation. All participants were right-handed.

Stimuli {#S2.SS2}
-------

We selected videos of genuine and posed smiles from the UvA-NEMO Smile Database ([@B7]) as stimuli in our experiment. The genuine smiles in this database are dynamic video episodes elicited by emotions of happiness or amusement. The database consists of 1,240 smile videos (597 genuine and 643 posed) obtained from 400 subjects (185 female and 215 male), making it the largest smile database in the literature to date. The ages of the subjects varied from 8 to 76 years, with 149 subjects being younger than 18 (in total, offering 235 genuine and 240 posed smiles). The videos were in RGB color and recorded at a resolution of 1,920 × 1,080 pixels, at a rate of 50 frames per second, and under controlled illumination conditions (see examples in [Figure 1](#F1){ref-type="fig"}). For the posed smiles, each subject was asked to pose as realistic an enjoyment smile as possible, after being shown a sample video of a prototypical smile. These genuine smiles of enjoyment were elicited by a set of short, funny video segments shown to each subject for approximately 5 min. The segments all began and ended with neutral or near-neutral expressions. In the experiment, we selected four samples for a practice session and another 80 samples (40 genuine and 40 posed smiles) for the formal session. The distribution of stimulus targets was as follows. The selected stimuli consisted of 40 genuine and 40 posed smiles. There were 42 smiles from males and 38 from females. The minimum age was 8 and the maximum age was 73. The eighteen smiles from children accounted for 22.5% of the total. Another six were from teenagers, or 7.5%, 53 were from adults, or 66.25%, and three were from the aged, or 3.75%.

![Examples from the UvA-NEMO Smile Database ([@B7]) which was marked as publishable (but the permission is required to use the images), where **(A)** is a genuine smile and **(B)** a posed smile, illustrating the difficulty in distinguishing genuine smiles from static images.](fpsyg-11-01126-g001){#F1}

Procedure {#S2.SS3}
---------

We used computers with 21-inch LCD monitors (resolution 1024 × 768 pixels) and employed the software package E-Prime 2.0 for stimulus presentation and data collection. The experiment was a 2 (instruction condition: Duchenne marker vs. mouth movement) × 2 (training session: pre-training vs. post-training) mixed design. We randomly selected two genuine and two deliberate smiles from the database for a practice session. We then randomly selected another 40 smiles (20 deliberate and 20 genuine) for the pre-training session and another 40 smiles for the post-training session. We also selected four genuine and four deliberate smiles for instruction (i.e., training) between the pre- and post-training sessions.

A participant was randomly assigned to the condition of either a Duchenne marker or a mouth movement. They were seated in front of a monitor and given instructions regarding the experiment. First, they input their gender, age, and left- or right-handedness and then were required to judge the genuineness of the smiles using only their instinct and experience. The experiment began with four practice trials. They then proceeded to the formal experiment, which consisted of pre- and post-training blocks with 40 trials in each. No feedback was given in practice session or formal session. The stimulus presentations occurred in random order. After the participants finished Block 1 (i.e., the pre-training session), they were given instructions (i.e., training) on how to improve their performance in distinguishing between genuine and deliberate smiles. In the Duchenne marker condition, participants were trained to pay attention to the eye regions. The introduction went like this: *previous research has shown that genuine smiles are accompanied by contraction of the muscles around the eyes and sometimes forms crow's feet around the eyes*. In the mouth movement condition, participants were trained to focus on the duration and temporal features of the lip corners. The introduction went like this: *Previous research has shown that genuine smiles have longer onset and offset durations with regard to the lips, and smiling lips hold for a longer duration. Posed smiles have shorter onset, apex, and offset durations. Following these conclusions, please distinguish the genuineness of each smile.* After instruction (i.e., training), participants moved to Block 2 (i.e., the post-training session).

For each trial, the stimulus (either a genuine or a posed smile) appeared for several seconds (depending on the duration of the video). After the video played to the end, the participant rated the genuineness of the smile by dragging the mouse on a visual analog scale from -3 (extremely posed) to 3 (extremely genuine). This manipulation transformed the judgment from classification to scale, which provided more information about the participants' judgments. They chose not only positive or negative but also the intensity of the genuineness. The value is supposed to reflect how confident the participant is when rating the smile as posed or genuine (see [Supplementary Material](#TS1){ref-type="supplementary-material"}). After the rating, the participant proceeded to the next stimulus presentation.

Data Analysis {#S2.SS4}
-------------

We removed trials with ratings equal to 0 because participants were unable to judge and there was no accuracy. The trials with RT (reaction time) less than 200 ms were also removed because previous research has found that the basic RT is generally no less than 200 ms. The removed data were less than 5% of the total. With these data, we analyzed accuracy (ACC), RT, and scale value using SPSS. We reported partial eta squared as the effect size of the ANOVA.

Results {#S3}
=======

A 2 (pre-training/post-training) × 2 (Duchenne marker/mouth movement) repeated-measures analysis of variance (ANOVA) was conducted. First, we considered the accuracy of the judgment. A main effect for training was found, *F*(1, 66) = 5.360, *p* = 0.024, $\eta_{p}^{2}$ = 0.056, indicating that the performance was better post-training (*M* = 0.695, *SD* = 0.140) than pre-training (*M* = 0.661, *SD* = 0.110). A main effect also emerged for the instruction condition, *F*(1, 66) = 23.047, *p* \< 0.001, $\eta_{p}^{2}$ = 0.259, showing that the performance was better for the mouth movement condition. The interaction effect (see [Figure 2](#F2){ref-type="fig"}) between training and cue was significant, *F*(1, 66) = 24.062, *p* \< 0.0001, $\eta_{p}^{2}$ = 0.267, indicating that training had different effects on different instruction conditions. A simple-effects analysis showed that there was no difference between the Duchenne marker and mouth movement groups in terms of accuracy before training, *F*(1, 66) = 1.222, *p* = 0.273, indicating that the participants from the two groups were randomly assigned and had no differences in terms of ability of distinguishing between genuine and posed smiles. After training, performance for the mouth movement condition improved remarkably (*M* = 0.783, *SD* = 0.94), much better than for the Duchenne marker condition (*M* = 0.606, *SD* = 0.121), *F*(1, 66) = 45.339, *p* \< 0.0001. Performance in response to the mouth movement condition was significantly better after training, *F*(1, 66) = 25.323, *p* \< 0.0001, while there was no obvious difference (but with the marginal significance) with regard to the Duchenne marker condition after training, *F*(1, 66) = 3.456, *p* = 0.067, showing that training brought remarkable improvement only when the participants were asked to pay attention to the dynamic features of the lips. The results only partly confirmed the hypothesis that "training people to pay attention to mouth movement and Duchenne mark would both enhance their performance in genuine smile recognition, but the mouth movement condition should be even better," because we found *mouth movement instruction* but not *Duchenne mark instruction* largely enhance their performance.

![Interaction between factor cue and session (1: pre-training; 2: post-training). The error bar indicates the 95% confidence interval.](fpsyg-11-01126-g002){#F2}

In addition to the accuracy, we also analyzed the RTs and the scale values. The RT and scale value may reflect how confident the participant is when rating the smile as posed or genuine (see [Supplementary Materials](#TS1){ref-type="supplementary-material"}).

Additional Results {#S3.SS1}
------------------

However, there may be alternative explanation on "no effect from training for Duchenne markers." In previous research, many participants pose Duchenne smiles and conversely not all genuine smiles show this marker. If the posed smiles have more AU6 than the genuine ones, it would present an unfair advantage to participants in the Duchenne mark condition. To test this hypothesis, we coded the AU composition and intensity of the AUs according to FACS. The coders rated the intensity of each AU from 0 to 5, where 0 indicated no AU and 1--5 meant intensities A to E, according to FACS. To be more conservative, we classified those level A or weaker as "no AU6" and everything else as "including AU6." The reliability was calculated by the ICC to be 0.798 for AU6 and 0.576 for AU12. We found that the proportion of AU6 was 92.5% (37 out of 40) for genuine smiles and 17.5% (7 out of 40) for posed smiles. This finding nullifies the alternative explanation that paying attention to the eye region decreases accuracy because there were more AU6 examples in the stimuli for the posed condition.

Before we jump to a conclusion that the participants rely solely on duration, there is still an alternative explanation. In previous research, [@B39] found that mainland Chinese immigrants to Canada did not use the Duchenne marker but rather relied on intensity to judge the genuineness of smiles from members of their own group. Therefore, it is possible that the participants in this study rely on the intensity of AU12 instead of duration. Therefore, we analyzed the intensity of the AUs; the mean was 4.13 for the genuine condition and 3.93 for the posed condition. The difference between the two was insignificant, *t*(78) = 1.194, *p* = 0.236. This finding nullifies the alternative explanation that the intensity of AU12 mainly contributed to recognizing genuine smiles.

Discussion {#S4}
==========

The results show that paying attention to mouth movements can help improve performance with regard to distinguishing between genuine and posed smiles. Training to recognize mouth movement had a much larger effect; there was no effect from training for Duchenne markers. This finding contrasts with previous research arguing that the Duchenne marker is the gold standard for genuine smiles, where only those smiles pulling up the lip corners but without Duchenne markers are taken as posed.

Considering the alternative explanations that the distribution of the genuine and posed smiles may affect the results, and the intensity of the smile can be a potential responsible cue, we further analyzed the data and found that the results for Exp. 1 are mainly explained by the duration of lip movement, instead of a biased distribution of AU6 or the intensity of AU12 in posed smiles.

With additional analysis of the stimuli, we found that AU6 alone was actually a strong indicator for genuine smiles. The participants, however, were unable to take this cue into full consideration. Therefore, focusing on AU6 showed no effect not because of a lack of attention but rather because the participants seemed perceptually unable to detect AU6 and use it to help them recognize genuine smiles. Therefore, the present study proposed that the perceptual-attentional hypothesis can explain smile genuineness recognition.

However, we should be cautious to generalize this conclusion to people (both perceiver and the perceived) from other cultures. There might be interaction effects in face perception when considering the perceivers and the perceived faces from different cultures ([@B33]; [@B27]). Based on the present study, we can only say that when Chinese young people try to discriminate the genuine and fake smiles from the Western people's faces, instructing to pay attention to the mouth movement would benefit. It can also be hypothesized that this effect should have some degree of universality if it works on Chinese young people; after all, we are human beings and share many similarities. Without empirical evidence, we cannot jump to the conclusion that paying attention to mouth movement corners can help improve people's ability to distinguish genuine from posed smiles. In addition, we must also emphasize that stimuli from the UvA-NEMO Smile Database do not cover all kinds of happy faces, since the smiles were elicited only by funny videos.
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